Background: Obsessive-compulsive disorder (OCD) is clinically heterogeneous. Previous studies have reported different patterns of treatment response to serotonin reuptake inhibitors (SRI) based on symptom dimension. Our objective was to replicate these results in OCD patients who participated in one of four randomized, placebo-controlled, clinical trials (RCT). Methods: A total of 165 adult OCD subjects participated in one or more eight-week RCT with clomipramine, fluvoxamine, or fluoxetine. All subjects were classified as having major or minor symptoms in four specific OC symptom dimensions that were derived in a previous factor analytic study involving many of these same patients. Ordinal logistic regression was used to test the association between OC symptom dimensions and SRI response. Results: We found a significant association between the symptom dimension involving sexual, religious and harm-related obsessions as well as checking compulsions (AGG/SR) and improved SRI response. This increased rate of SRI response was experienced primarily by individuals with harm-related obsessions. Over 60% of patients with AGG/SR OCD symptoms were rated as very much improved after SRI treatment. Limitations: As some of the RCTs included were conducted prior to the development of the YaleBrown Obsessive-Compulsive Scale (Y-BOCS), improvement in OCD severity was assessed using the Clinical Global Improvement (CGI) Scale. Data from the double-blind and open-label continuation phases of these trials was collapsed together to increase statistical power. Conclusions: Patients with OCD vary in their response to SRIs. The presence of AGG/SR symptoms is associated with an initial positive response to SRIs. These data add to the growing body of work linking central serotonin systems with aggressive behavior.
Introduction
Obsessive-compulsive disorder (OCD) is a neuropsychiatric disorder characterized by obsessions (unwanted, recurrent and distressing thoughts) and compulsions (repetitive and ritual-like behaviors typically done in response to unwanted obsession thoughts). Since it was recognized as a psychiatric disorder, there have been many attempts to split the heterogeneous symptomatology of OCD into more homogenous subtypes. For example in 1869, Falret made the distinction between "Folie du doute" (madness of doubt) and "Delire du toucher" (delusions of touch) (Hantouche and Lancrenon, 1996) . Despite these earlier efforts, mainstream diagnostic systems, such as DSM and ICD, have persisted in describing OCD as a unitary category characterized by heterogeneous clinical manifestations (Berrios, 2003) .
Planning for DSM-V in 2012 has led to the desire to incorporate a more dimensional approach to diagnostic entities. These dimensions should be consistent and replicable. They should have validity and utility in predicting treatment responses and outcome. These dimensions may also serve as more precise phenotypic markers for genetic and brain imaging studies. This approach may be particularly useful in studying OCD, where over a dozen factor analytic studies have identified four to five fairly consistent symptom dimensions of the disorder (Baer, 1994; Cavallini et al., 2002; Delorme et al., 2006; Denys et al., 2004; Feinstein et al., 2003; Foa et al., 2002; Leckman et al., 1997 Leckman et al., , 2003 Mataix-Cols et al., 2002 McKay et al., 2006; Rufer et al., 2005; Summerfeldt et al., 1999; Tek and Ulug, 2001 ). The symptom dimensions in OCD that have been consistently replicated across studies include: aggressive obsessions and checking behavior (AGG), sexual/religious obsessions and compulsions (SR), contamination obsessions and related washing obsessions (CW), obsessions with symmetry and exactness and ordering compulsions (SYM), and hoarding obsessions and compulsions (HRD). The main disagreement between studies involving four and five factor solutions for OCD symptom dimensions is whether aggressive obsessions and checking behavior (AGG) and sexual/religious obsessions and compulsions (SR) should be combined into a single dimension (AGG/SR) or two separate dimensions. We used a four factor solution involving a combined AGG/SR dimensions as this factor analytic solution was derived from data involving many of the same subjects included in this present sample (Bloch et al., 2008; Leckman et al., 1997) .
OCD symptom dimensions are temporally stable and have been associated with distinct patterns of comorbidity (Holzer et al., 1994; Pitman et al., 1987) . Preliminary data suggest that these quantitative traits may be useful phenotypic markers for genetic, neuroimaging, and treatment-outcome studies (Baer, 1994; Mataix-Cols et al., 2005) . Specifically, HRD symptoms also have been reported to be associated with poor Serotonin Reuptake Inhibitor (SRI) response in most (Mataix-Cols et al., 1999; Samuels et al., 2002; Stein et al., 2007) but not all studies (Saxena et al., 2007) . In contrast, AGG/SR symptoms have been associated with improved longterm outcome (Eisen et al., 2006) and with improved SSRI response at trend levels (Samuels et al., 2002) ; on the other hand, when parsing out the SR dimension Alonso et al. found a worse outcome (Alonso et al., 2001) . In this study we sought to clarify the association between OCD these two symptom dimensions and response to SRI pharmacotherapy.
Methods

Subjects
Subjects were originally seen at the Yale OCD Clinic from 1982 to 1996 and diagnosed with OCD by an expert clinician. Each subject received a trial of at least 1 of 3 SRI medications (fluoxetine, fluvoxamine, clomipramine) for at least 8 weeks at the maximum tolerated dose as part of 4 RCTs (Clomipramine_Collaborative_Study_Group, 1991; Goodman et al., 1996; Goodman et al., 1989; Zohar et al., 1992) . Since some patients participated in more than one of these trials, only data from their initial SRI clinical trial was included in this study. Data from each of these trials was collected with permission from the Yale IRB.
Clinical measures
Subjects were assessed using the Clinical Global Improvement Scale (CGI) (Guy, 1976) , the Yale-Brown Obsessive Compulsive Scale (Y-BOCS) and the Hamilton Depression Rating Scale.
Data analysis
Each subject was asked to describe their major and minor OC symptoms based on the 15 categories that came to be the headings of the Y-BOCS Symptom Checklist. Based on these answers, subjects were rated in the four previously described OC symptom dimensions (Leckman et al., 1997) as having either no symptoms present in a particular dimension (coded as a 0), any symptoms present in a particular dimension (coded as 1) or predominant symptoms in a particular dimension (the most impairing of the 4 dimensions, coded as 2). In post-hoc analysis the AGG/SR dimension was divided into individuals with either harm-related or sexual/religious obsessions. The subjects who were much or very much improved after the medication trial (CGI = 1-2) were classified as responders (coded as 2), subjects who were minimally improved (CGI = 3) were considered partial responders (coded as 1), and subjects who showed no improvement or were worse (CGI = 4-7) were considered nonresponders (coded as 0). Medication response was evaluated during the period where an individual got active medication in RCT, i.e. randomized placebo controlled period, patients where assigned to active medication or in open trial of medication following placebo assignment.
Association between SRI response and presenting OC symptom dimensions was assessed using ordinal logistic regression. The subject's response to SRI medication was the dependent variable and each symptom dimension was entered into separate logistic regression models as the independent variable.
In exploratory analyses we examined the association between OC symptom dimensions or the presence of lifetime psychiatric conditions [Major Depression, Anxiety Disorders, Substance Abuse, Eating Disorders, and Tic Disorders] and gender using forward stepwise binomial regression analysis with the disorders as the dependent variable and the OC dimensions as the independent variables. We analyzed the association between age of onset of OCD symptoms and symptom dimensions using a stepwise linear regression analysis with age of onset as the dependent variable and OC symptoms as the independent variable. For all exploratory stepwise models a two-tailed significance level of 0.05 was set as the threshold for entry of terms and 0.10 for exclusion of terms.
Results
Subjects
There were 165 subjects eligible for analysis that completed the trials. Sixty-two subjects were on clomipramine, 79 on fluvoxamine and 24 on fluoxetine. Baseline demographics of the sample are presented in Table 1 .
Dimensional predictors of SRI response
The proportion of responders to SRI medication stratified by symptom dimension is depicted in Fig. 1 . The presence of AGG/SR OC symptoms was associated with a good response to SRIs (parameter estimate [PE] = 0.42 ± 0.18, Wald = 5.6, df = 1, p=.018). When the result was stratified by particular pharmacological agent utilized (clomipramine vs. a Selective Serotonin Reuptake Inhibitor), there was a significant association of good response for subjects with AGG/SR OC symptoms receiving SSRI pharmacotherapy (PE = 0.70 ±0.23, Wald = 9.6, df = 1, p=.002) but not clomipramine (PE=0.04±0.30, Wald =0.01, df =1, p=.91). When the results in this dimension were split into individuals with harm-related obsession and checking compulsions (AGG) and those with sexual and religious obsession and compulsions (SR), only AGG OC symptoms were associated with good SRI response (parameter estimate [PE] = 0.68 ± 0.21, Wald =10.1, df =1, p=.001). There was no evidence SR OC symptoms were associated with SRI treatment response SR (PE=0.14± 0.24, Wald =0.3, df =1, p=. 56). There was an insufficient number of patients with prominent HRD symptoms to assess this dimension statistically, although the highest percentage of SRI non-responders occurred in those with primary symptoms in the HRD dimension (40% non-responders). There was a modest negative association between OC symptoms in the SYM dimension (PE= −0.40± 0.20, Wald=4.1, df =1, p=.04). The association between SYM symptoms and poor medication response was most suggestive in subjects receiving clomipramine (PE=−0.64 ±0.33, Wald =3.7, df =1, p=.06) but not SSRI medication (PE = −0.28 ± 0.25, Wald =1.3, df =1, p = .26). Neither CW (PE=0.01±0.170, Wald =0, df =1, p=.98) nor MISC (PE=−0.06±0.20, Wald =0.09, df =1, p=.76) symptoms were associated with a differential response to SRIs medication.
Dimensional association with subject demographics
We found that male gender was associated with having increased OC symptoms in the AGG/SR dimension (β=0.38± 0.18, Wald=4.3, df =1, p=0.039). When AGG/SR dimension was divided into two separate dimensions, only SR symptoms (β=0.97±0.28, Wald=12.2, df =1, pb 0.001) and not AGG symptoms (β=−0.02 ±0.20, Wald =0.1, df =1, p=.91) were associated with male gender. Later age of onset of OCD symptoms was associated with CW symptoms (β=1.48±0.54, t=2.8, df =1, p=.007).
Dimensional associations with comorbid psychiatric illness
When analyzing the association between lifetime history of psychiatric disorders and OC symptom dimensions, no associations were found with Major Depression, Anxiety Disorders, Eating Disorders and Substance Abuse. However, the presence of a comorbid Tic Disorder was associated with increased symptoms in the SYM (β =0.61±0.31, Wald=3.9, df =1, p =0.05). 
Discussion
We found that OC symptoms in the AGG/SR symptom dimension were associated with good response to SRIs in accordance to our a priori hypothesis. Sixty percent of OCD patients with predominant symptoms in the AGG/SR dimension were very much improved in response to SRI treatment. Although no previous studies have demonstrated a significant association between AGG/SR OC symptoms and response to pharmacotherapy, there has been some evidence suggesting that this might be the case. A recent factor analysis study in the OCD Consortium group showed there was a trend-level association between good response to SRI pharmacotherapy and symptoms in the AGG/SR dimension (Nestadt et al., 2000) . AGG OC symptoms have also been associated with good long-term outcome in the Brown Longitudinal OCD study (Eisen et al., 2006) . It should be noted that our results differed from Mataix-Cols et al. (1999) , which used similar methodology, but failed to show an association between SRI response and symptoms in either the AGG or SR symptom dimensions (Mataix-Cols et al., 1999) . When stratifying by type of pharmacological agent, we found a significant association between the AGG/SR OC symptom dimension and a good pharmacological response in patients treated with SSRIs (fluoxetine and fluvoxamine), but not clomipramine. There are two possible explanations for this finding -(1) there is a better response to SSRIs within the AGG/SR OC symptom dimension or (2) this finding is due to type I error.
There exists significant basic science and clinical evidence to suggest that the former explanation may be correct. Studies measuring serotonin metabolite levels (5-HIAA) in psychiatric patients have associated low serotonergic brain activity with hostile mood and aggressive behavior (Knutson et al., 1998) . When SRI's are given to individuals without psychiatric illness they have been demonstrated to decrease negative affect and hostile tendencies (Knutson et al., 1998) . Patients with post-traumatic stress disorder (PTSD) not only have flashbacks and aggressive behavior, but they have a heightened sense of threat, similar to what may be seen in OCD patients with symptoms in the AGG dimension. SSRIs are currently the first-line pharmacological intervention for PTSD (Cassano and D'Mello, 2001; Walsh and Dinan, 2001) . It is logical to hypothesize that SSRI medications may be particularly effective in reducing the symptoms of OCD patients with AGG/SR symptoms because they are additionally effective in reducing hostile tendencies and threat perception.
Given the small number of subjects reporting HRD symptoms we were unable to replicate previous studies that have associated HRD OC symptoms with poor pharmacological treatment response. The negative result obtained is likely attributable to our very limited power to detect this difference. We had only 5 subjects with hoarding as a main OC symptom and only 18 subjects who reported any hoarding symptoms.
It is important to note some other limitations of this study. First, given the relatively low power and high probability of type I error of existing studies in this area more studies involving larger number of subjects and future meta-analysis are needed to confirm the finding vis a vis AGG/SR and SRI treatment response. Also, we combined data from individuals receiving unknown (double-blind) or known (open label extension period) active treatment as part of this study to increase our statistical power. Lastly, we used CGI scores to measure clinical outcome rather than Y-BOCS Scale.
In our exploratory analyses, the SYM OCD symptoms were associated with a poor response to SRI treatment. Symptoms in the ordering/symmetry dimension were also associated with the presence of a comorbid tic disorder. This result is not surprising as several previous studies have demonstrated that tic disorders are associated with ordering and symmetry OCD symptoms (Leckman et al., 2001; Mataix-Cols et al., 1999) . The presence of a tic disorders has been associated with poor response to SRI pharmacotherapy in previous studies .
The development of OCD severity scales specific to these symptom dimensions should facilitate these efforts (RosarioCampos et al., 2006) . Further studies are needed to extend genetic, neuroanatomical understanding of these quantitative phenotypes so that a better understanding of the heterogeneous symptoms of OCD. Understanding further the differences in treatment response in OCD patients presenting with different symptoms may help us to provide better treatments and more accurate prognostic information to them.
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